Abstract There have been comprehensive screening methods developed to identify unwanted inpatient events.
Complex pediatric patients or pediatric patients who rely on medical technologies are at increased risk for complication [29] . Admissions for congenital heart surgery regularly involve physiologically complex patients and the use of complex surgical procedures and interventions. Thus, this patient group, being both pediatric and highly complex, might be at an exceptional risk for complications.
There exist previous studies within pediatric cardiology examining complications during congenital heart surgery admissions; however, most have only examined selected patient events [4, 7, 17, 23] . There has been no examination of the findings of a comprehensive complication screening method when applied to a population-based sample of congenital heart surgery admissions.
This report utilizes a nationally representative source of pediatric data and takes advantage of a newly validated screening method for identifying complications published by the AHRQ [16] . Our study objectives are to describe the findings of this complication identification method as applied to congenital heart surgery admissions and to examine the relationship of a having a complication diagnosis to patient characteristics.
Methods
The study methods were reviewed and approved by the Institutional Review Board at Children's Hospital Boston. Given the de-identified nature of the administrative database, this project did not fit the regulatory definition of human subject research. Our institution, however, still tracks these studies by assigning a study protocol number.
Data Source
Data were obtained from the Healthcare Cost and Utilization Project Kids' Inpatient Database 2000. The Kids' Inpatient Database was designed by the AHRQ specifically to examine issues pertinent to health care delivery in children and consists of a stratified random sample of 2,516,833 discharges from 2784 institutions in 27 states 1 from the year 2000. Pediatric hospitals, academic medical centers, and specialty hospitals are included. Standard demographic and administrative data, including age, gender, race, admission type, insurance type, median income of a patient's zip code, discharge status, and up to 15 discharge diagnostic codes and 15 procedure codes based on the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) are included.
Congenital Heart Surgery Case Selection
We selected cases £20 years of age with ICD-9-CM codes indicating surgical repair of a congenital heart defect [8] .
To exclude transcatheter interventions, we eliminated atrial septal defect closure, ventricular septal defect closure, patent ductus arteriosus closure, atrial septectomy, and vessel repair or occlusion with concomitant catheterization codes and no code for cardiopulmonary bypass [9, 10] .
Identification of ICD-9-CM Codes Indicating Complication
We utilized a validated method for complication screening via ICD-9-CM codes recently published by the AHRQ [16] . We chose this method because of its comprehensive panel of complication diagnoses, its use of ICD-9-CM codes to identify complication, and its previous validation and application within a pediatric discharge database [18] . This method of complication surveillance defines these unwanted events as ''untoward harm associated with a therapeutic or diagnostic healthcare intervention'' [16] . Designation of an event as a ''complication'' does not signify that the event was necessarily preventable or due to substandard care; that is, although some of these events might represent preventable or modifiable complications, others might be an unavoidable part of the patient's disease process. These events might occur at any point during the patient's admission (during anesthesia, catheterization, patient transport, surgery, intensive care unit care, inpatient ward).
This method classifies complications into four broad categories: (1) drug/biologic; (2) procedures; (3) devices, implants, and grafts; and (4) radiation. These categories are subdivided into 40 subcategories that indicate the cause of the complication. The list of ICD-9-CM codes used to define complications has been previously published by the AHRQ [16] .
This method was created by a multidisciplinary group, including physicians, nurses, statisticians, a medical technologist, and epidemiologists, that identified ICD-9-CM codes indicative of complications and then validated their choices using a detailed medical record review. Using the chart review by an experienced research nurse and a twophysician review as the standard for the identification of a complication, this method had a sensitivity of 60% and specificity of 97% to distinguish among cases with and without a complication diagnosis [16] .
A discharge was considered to have a complication diagnosis if any of the diagnosis fields contained at least one of the ICD-9-CM codes listed in the surveillance criteria for complication. A given patient discharge could have more than one complication.
Risk Adjustment for Congenital Heart Surgery and Complication
The Risk Adjustment for Congenital Heart Surgery (RACHS-1) method was developed and validated to adjust for differences in case mix complexity when examining inhospital death rates after congenital heart surgery [9, 10] . Cases with a higher surgical risk category have greater odds for mortality. The ability of RACHS-1 to predict cases at greater risk for mortality has been previously described [9] . The association of surgical risk category, as an indicator of surgical case complexity, and complication has not been explored.
Methods for RACHS-1 risk categorization have been previously described [10] . To perform RACHS-1 risk categorization, cases were assigned to one of six risk categories based on the presence or absence of specific diagnosis and procedure codes, where category 1 is the least complex (e.g., atrial septal defect repair) and category 6 is the most complex (e.g., Norwood operation for hypoplastic left heart syndrome). Cases with a combination of cardiac surgical procedures were placed in the category corresponding to the single highest risk procedure. Cases that are ineligible for RACHS-1 categorization are cases ‡18 years of age (adults), cardiac transplantation, patent ductus arteriosus ligation in premature infants, and patent ductus arteriosus ligation in infants less than 30 days. Cases that cannot be categorized are, generally, cases where the procedure codes are vague and the specific cardiac surgery performed is not known for certain. These methods have been previously discussed [9, 10] . Examples of surgical procedures within each risk category are illustrated in the Appendix.
Data Analysis
Complication frequency was reported as the number of complications per 1000 cases. A patient discharge might have had more than one complication. Complication diagnoses were stratified according to the four complication categories. The univariate relationships between patient characteristics (gender, age, prematurity, presence of a major noncardiac structural anomaly, presence of a major chromosomal abnormality, and surgical risk category) and the proportion of admissions with a complication were explored using the chi-square test. Multivariate analyses, using generalized estimating equations (GEE) models with exchangeable correlation and empirical (robust) variance estimation incorporating patient variables and surgical risk category, estimated the odds ratio (OR) for a reported complication diagnosis. GEE models account for the intrainstitutional correlation among cases from the same hospital, and in this analysis, it was assumed that the correlation was constant for any two cases at the same institution. The outcome variable in GEE models was presence of any complication yes or no, a dichotomous variable. Admissions were not counted more than once. The statistical package SAS Version 9.1 (SAS Institute Inc., Cary, NC) was used. Table 1 illustrates the characteristics of the patient sample. There were a total of 12,717 congenital heart surgery admissions identified, 46% were female and greater than one-half (55%) were less than 1 year, followed by cases between 1 and 11 years (34%) and those ‡12 years (11%). Premature cases represented 10%, cases with a major noncardiac structural anomaly represented 4%, and cases with a chromosomal abnormality were 11% of the study sample. The distribution of cases among the six risk categories and those cases that were ineligible for risk categorization or could not be categorized by the RACHS-1 method are tabulated in Table 1 . Among the 12,717 cardiac surgical admissions identified, 4014 (32%) had at least 1 complication diagnosis code; there were a total of 6650 diagnosis codes indicating a complication (523 complications per 1000 cases). Procedure-related complication diagnosis codes were the largest category and represented 75% of all reported complication diagnoses, occurring with a frequency of 392 per 1000 cases. Device-, implant-, or graft-related complications were the second most common and represented 21% of reported complication diagnosis codes and occurred with a frequency of 111 per 1000 cases. Drug/biologicrelated complications were 4% of reported complication codes and occurred with a frequency of 20 per 1000 cases. There were no reported radiation complication codes. The three most frequently reported complication diagnosis codes are ICD-9-CM code 997.1, Procedural complicationheart (cardiac arrest, cardio-respiratory failure during or resulting from a procedure), ICD-9-CM code 997.3, Procedural complication-respiratory (pneumonia, aspiration), and ICD-9-CM code 998.11, Hemorrhage complicating a procedure. Together these three complication codes comprise 37% of all complication diagnosis codes identified. Tables 2 and 3 illustrate the univariate analyses of patient characteristics and their association with a complication diagnosis. Gender, age, prematurity, and chromosomal abnormalities were associated with an increased rate of complication diagnoses. Males had a slightly greater rate of reported complication diagnosis codes than females (33% vs 30% of cases, p \ 0.001). Cases with a major chromosomal abnormality were also associated with a greater proportion of complication codes than those without such a diagnosis (33.8% vs 31.3%, p = 0.05). Premature cases were associated with fewer reported complication codes (19.1% vs 32.9%, p \ 0.001). Major noncardiac structural anomalies were not associated with increased rate of complication diagnoses.
Results

Patient Characteristics and Complication Diagnosis Codes
Surgical Case Complexity and Complication Diagnosis
Among the 12,717 congenital heart surgery cases in the Kids' Inpatient Database for the year 2000, 1336 were ineligible for RACHS-1 categorization and 1349 congenital heart surgery cases could not be categorized to a RACHS-1 risk category due to vague or unclear coding of the surgical procedure. The relationship between reported complication diagnosis codes and surgical risk category is shown in Table 3 . Figure 1 plots the percentage of admissions with complication diagnosis codes by surgical risk category with 95% confidence intervals. In general, the higher the risk category, the higher the rates of reported complication diagnosis code (category 1, 18.1%; category 2, 27.8%; category 3, 38.9%; category 4, 39.1%; category 5, 55.6%; category 6, 47.3%). The percentages for risk categories 3 and 4 were very similar. There were only nine total cases in risk category 5; this small number of cases and the relatively large fraction of complications reported resulted in a wide confidence interval. Only cases that could be assigned to a surgical risk category were included in this analysis. Prematurity was associated with substantially fewer reported complication codes: premature OR 0.4, p \ 0.001. Gender, major noncardiac structural anomalies, and major chromosomal anomalies were not independently associated with a reported complication code.
Comment
When applied to congenital heart surgical admissions, this screening method found a complication diagnosis code in nearly one-third of admissions and those admission with complex surgical procedures were more likely to screen positive for a complication diagnosis. Procedure-related complications are the most common type of complication diagnosis, followed by complications due to a device, graft, or implant. Compared to other pediatric age groups, cases greater than 12 years are more likely to have a complication diagnosis. Premature cases are less likely to have a reported complication diagnosis.
There are no comprehensive studies of adverse patient events or complications within pediatric cardiology with which to compare our results. However, studies have examined selected events during congenital heart surgery admissions and support our findings that complications occur with a relatively high frequency. A prospective study of patients admitted to a pediatric cardiac intensive care unit found that 18% of admissions experienced nonsustained ventricular tachycardia related to their medical or surgical intervention [7] . Other studies examining nosocomial infections during congenital heart surgery admissions have reported that up to 16-22% of these patients acquired at least one nosocomial infection [14, 17, 23] . The rates of other selected complications during congenital heart surgery admissions have been reported; for example, catheter-related septic emboli occurs at a rate of 0.55% [5] , diaphragmatic paralysis occurs at a rate of 5.4% [12] , cardiac tamponade occurs at a rate of 0.04-7% [11] , and hepatic complication occurs at a rate of 9% [30] . There are also several case reports of isolated complications during congenital heart surgery admissions [2, 11, 22, [25] [26] [27] [28] 31] . These studies use different methods of identifying these events and generally have not examined the relationship between these events and congenital heart surgical case complexity. Again, these studies do not represent a comprehensive assessment of patient complication events.
Comprehensive studies of complications and patient safety events within the general pediatric population have been performed. Meurer et al. [18] applied the above complication identification method to hospital discharge records from the State of Wisconsin Bureau of Health Information to discharges under 18 years. This study demonstrated a complication frequency of 341 per 10,000 cases among the general pediatric population. Our findings suggest that congenital heart surgery admissions might have a greater frequency of complication diagnoses than do general pediatric admissions.
Our finding that increased congenital heart surgery case complexity is associated with an increased risk for patient safety event is consistent with the pediatric patient safety literature. Slonim et al. also demonstrated that children with special needs or who are reliant on specialized technologies are at greater risk for patient safety events [29] . A study by Koezer et al. within the pediatric emergency department found that the most seriously ill pediatric patients are more likely to be subjected to patient safety events [15] . Our study also found that premature cases are associated with fewer reported complication codes compared to nonpremature cases. This interesting finding is consistent with a study by Kanter et al. [13] of neonatal care that reported that the rate of medical errors reported during premature admissions was lower than that for general pediatric and adult patients. Future work is needed to inform this consistent finding among premature patients. Our findings are also consistent with previous studies reporting discharges within an older pediatric age range have been associated with increased risk for patient safety events. This finding has been previously reported by a study by Miller et al. using AHRQ indicators [20] . The database does not allow us to answer the question of why these consistent and counterintuitive findings are present. However, one might speculate that neonatal intensive care units, being very highly specialized arenas of patient care with decades of experience with specialized neonatal care, might have resolved systems and process issues that might have previously caused complications of care. As result of this long specialized history (as opposed to general pediatric intensive care units and pediatric cardiac intensive care units), they might have developed strategies to decrease the number of complicating events in their setting and among their population.
Limitations and Strengths
Administrative data, although useful, are limited due to coding inaccuracies, coding variation, and lack of insight into timing and severity of clinical events. Another limitation of our study is the complication identification method published by the AHRQ and used in this study was meant to be a generally applicable, comprehensive panel of complications. This method was not specifically designed to identify complications during congenital heart surgery admissions. As a result, these criteria might identify some events as complications that might be unimportant in our study sample or might be part of the patient's underlying disease process. It is also possible that this method might also exclude important events. Presently, however, a complication surveillance method designed for congenital heart surgery admissions does not exist.
Our study has many strengths, including use of a nationally representative pediatric discharge database that includes discharges from pediatric and nonpediatric hospitals created specifically to examine health outcomes within pediatrics by the AHRQ, a federal agency that was given the mandate by Congress to study adverse patient events. This database also reports a mortality of 4% for congenital heart surgery, which is identical to the mortality rate reported in the Society of Thoracic Surgeons database for pediatric congenital heart surgery; this finding supports the validity of the administrative database employed in this study. We utilized a complication screening method that has been validated for use with pediatric administrative discharge databases. In addition, given that cardiac surgical care is procedure based, our finding that complications related to procedures or devices were most important is internally consistent and adds further credibility.
Conclusion
The findings of this complication screening method are consistent with the patient safety literature in identifying a high frequency of complications during congenital heart surgery admissions and that more complex admissions are more likely to have a complication. This complication screening method cannot determine the severity or preventability of the complications identified. Additional work is needed to determine the severity and potential preventability of these events and to develop a complication measure specifically for congenital heart surgery admissions. 
